tumorigenesis and apoptosis (8) . Specifically, it was reported that 2-Cys Prxs were overexpressed in several cancers (9) (10) (11) (12) and in neurodegenerative disorders such as Alzheimer's disease, Pick's disease and Down syndrome (13, 14) . In cancer cells, their expression was also found to correlate positively with the degree of resistance to apoptosis induced by radiation therapy (15) or the anticancer drug imexon (16) . With regard to neurodegenerative disorders, it is well known that the generation of toxic reactive oxygen species (ROS) is involved in the development of age-dependent neurodegeneration (17, 18) . It was therefore speculated that antioxidant proteins, including 2-Cys Prxs, are upregulated in these disorders in an attempt by the body to protect the neural cells from oxidative stress. Importantly, we recently identified a novel molecular chaperone function of the cytosolic form of the 2-Cys Prxs (cPrxI and II) in yeast (20) . We found that these proteins play dual roles as peroxidases and molecular chaperones, and that these distinct Cloning and mutation of the human PrxII gene and expression of the protein in E.
coli
The hPrxII gene was cloned from a human placental cDNA library by polymerase chain reaction (PCR). A C51S mutant hPrxII protein (C51S), a C-terminally truncated hPrxII lacking 6 amino acids from its Cterminus including the 'YF-motif' (∆C-ter), and a double mutant (DM) form of hPrxII containing both the C51S mutation and the ∆C-ter truncation were generated by PCRmediated mutagenesis as described (19, 24) .
hPrxII was expressed in E. coli BL21 (DE3) using the pGEX expression vector. The GSTfused hPrxII obtained using a GSH-agarose column was then cleaved by thrombin and the mature hPrxII was purified as described previously (20) . Protein structures and apparent molecular weights (MW) of hPrxII were analyzed by size exclusion chromatography (SEC) on a TSK G4000SWXL column and native polyacrylamide gel electrophoresis (PAGE), as described previously (20) .
Determination of thioredoxin (Trx)-dependent peroxidase and chaperone activities
Trx-dependent peroxidase activity of hPrxII linked to NADPH oxidation was quantified by monitoring the decrease in A 340 as described (19) . Chaperone activity of the protein was measured using CS, insulin β-chain, and α-synuclein as substrates (25, 26) . 
Results

Chaperone function of hPrxII
Importantly, hPrxII has a high degree of sequence homology and shares similar biochemical properties (23) These observations together strongly suggest that the peroxidase and chaperone activities of hPrxII are regulated by the degree of homo-polymerization in its protein structures. (24) . In that study, the authors concluded that the susceptibility of the sensitive Prx to oxidative inactivation was due to the presence of a C-terminal tail containing the 'YF-motif'.
Effect of the N-terminal peroxidatic
On the basis of these observations, we prepared mutant proteins of hPrxII, namely, C51S-hPrxII, a C-terminally truncated protein that lacks the YF motif (∆C-ter), and the double mutant (DM) form (Fig. 3A) .
Using the recombinant proteins expressed in 
Chaperone function of hPrxII protects
HeLa cells from H 2 O 2 -induced cell death
Even low concentrations of H 2 O 2 that are not toxic to cells induce the switching of the hPrxII structure and function in vivo (Fig. 4) .
To investigate the physiological significance of the functional switching of hPrxII from a peroxidase to a molecular chaperone, four hPrxII DNA constructs (wild type, C51S, ∆C-ter, and DM) bearing a 6 x His-tag at their N-termini were prepared (Fig. 3A) (Fig. 6B and C) .
In contrast, cells over-expressing native hPrxII showed remarkable resistance to and apoptotic cell numbers stained by Annexin V-FITC (right-hand panels of A-B) are shown.
